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The vegetation of the slope part of terrace was characterised by phytosociological relevés and these were consequently evaluated.
Background research
The usage of the term agricultural terrace in the text stems from Zapletal's characteristics (Zapletal, 1969 ). An agricultural terrace consists of a part that is flat and the slope of the terrace (Fig. 1) . The results presented in this study describe the current situation on the slopes of the terraces and this is the meaning in which the term terrace is being used. Agricultural terraces are typical for a large part of Slovakian territory because they allowed fields to be founded even on slopes with declination of up to 35°. Lobotka (1955) lists the occurrence of terraces in Slovakia mainly in the areas of Kysuce Highlands, Javorníky, Vtáčník, Pohronský Inovec, Kremnica Hills, Slovak Ore Mountains, Upper Váh Region, Hron Region, Ipla Region, Orava, Spiš, Stráž Highlands, Krupina Highlands, etc.
Historical structures in agricultural landscape are what is at the forefront of scientific attention (Špulerová et al., 2011) . One of the distinguished types consists of grass areas (meadows and pastures, fallow land) and fields very often in combination with terraces and stony hedgerows and walls. Their borderlines are copied by woody plants and forest remains. This type of landscape is widely found in the foothills, mainly in the Váh and Spiš regions, followed by, in the frequency of occurrence, the regions of Hron, Turčiany-Liptov-Orava, and Gemer-Nové Hrady. The necessity to detach historical landscape structures and create suitable conditions for their protection are discussed by Hrnčiarová (2004) . On the example of Zamagurie, Dobrovodská (2004) documents the connection between historical development and landscape type. In the middle of the 16 th century near the village Osturná during pasture colonization, the settlers were allotted plots about 110-130 m wide. Inheritance divided the plots lengthwise, thus creating narrower and narrower fields. The balks consisted of soil or stony soil, often dozens of metres long with the occurrence of stone heaps as well. In the beginning of the 17 th century, when the village Malá Franková was founded, plots of the size of 17 ha were allotted but, when inherited, these were divided crosswise, not lengthwise. This influenced the segmentation of the present landscape, leading to estates that are square in shape and divided by massive stony walls.
The long history of the emergence of terraces is documented by the data from the surroundings of Liptovská Teplička where new fields (including terraced belt fields) were being founded ever since the year 1790 up until and including the 19 th century, accompanied by the emergence of various types of balks (Sperling, Žigrai, 1970 sec. Dobrovodská, Štefunková, 1996 . In extreme cases, the belt field was only 4 m wide while the width of the terrace slope (the stony wall of the slope) was up to 20 m. Ružičková et al. (1999) place the emergence of hedgerows and terraces in the Liptovská Teplička area as early as 1634. Huba (2004) named two principal causes of endangerment of agricultural terraces in Slovakia. First, they cease to exist due to the need to adapt the landscape to match the needs of current technology. Second, it is due to the dilapidation and deterioration caused by the decline in traditional ways of land cultivation. He defines dilapidation and deterioration as onset of forest communities in accordance with the continuing succession. He considers it a moral obligation of the contemporary generation to identify the most characteristic historical landscape structures and protect them for future generations as, in current landscape, these structures are the most endangered.
In Bohemia, soil terraces and balks were being removed mainly during the period of the Communist land reform (collective farming) and the subsequent reforms from 1950s to 1970s. The slopes with the lowest declination displayed the greatest amount of balk removal as these were the areas most suitable for cultivation, as shown by the Czech Central Mountains study. Conversely, in areas with low pressure on landscape utilisation, woody plants proliferated on the hedgerows that remained (Machová, Elznicová, 2011) . In the less intensively cultivated landscape of the Czech-Austrian border regions, forest areas became more prevalent over cultivated land, as well as scattered trees and shrubbery (Kubeš, Mičková, 2003) . In Slovakia today the removal of terraces is being noted for the purposes of the improvement of the conditions of usage of agricultural machinery.
Method
Field investigations were carried out during the years 2009-2012, always in August. The localities were identified and discovered with regards to available literature (Lobotka, 1955) and also with the help of aerial photographs. The evaluation includes terraces from the territories of 13 districts lying in 12 mountain ranges that belong to the geomorphological areas of Slovak-Moravian Carpathians, Western Beskids, Central Beskids, Slovak Central Mountains, Fatra-Tatra Area, and Podhale-Magura Area. The mountain ranges were located using their map coordinates and the geomorphological area was determined according to Mazúr et Lukniš (1986) . The localities were marked on maps in the software ArcGIS 10.1. The localities are situated close to the protected landscape areas Kysuca (Fig. 2) , Ponitrie, Štiavnice Hills, Horná Orava, Polana (Fig. 3 ) and the national park Velká Fatra. Only some of the localities lie within the protected landscape territories, as listed with individual localities. Stony hedgerows represent a minimum of the hedgerows and terraces found and therefore they have not been included in the evaluation. The study is based on Braun-Blanquet phytosociological relevés taken in the areas of soil or stony soil terraces. The area of a relevé is given by its length of 20 m × the width of the terrace. The borders of the terraces were marked by the foot of the slope and its top edge. The results were presented by graphs using Microsoft Excel. The phytosociological relevés were analysed using indirect gradient analysis DCA (Detrended Correspondence Analysis) in the Canoco for Windows software (ter Braak, Šmilauer, 2002) in order to find the direction of the highest variability in the species composition of the hedgerow relevés. 70 relevés of comparable size were used for the analysis. Altitude was displayed only as a supplementary variable. Abbreviations of the plant species are listed below the pictures. We used the nomenclature according to Kubát et al. (2002) . Abbreviations of woody plant species have the numbers 1, 2, 3 listed in them, these refer to the layer in which the species was found (E1, E2, E3). Endangered species have been listed according to http://botany.cz/cs/ohrozene-rastliny-slovenska/. Symbols used in the Červený zoznam ohrozených druhov cievnatých rastlín Slovenska (The Red List of Threatened Species of Vascular Plants in Slovakia): CR -critically endangered species, VU -vulnerable species, NT -near threatened species. Commentary: Based on the results of the DCA analysis, it was found that the right side of the plot contains those localities (33, 34, 35, 69, 70, 71, 72) that, are in the area of Cretaceous period sandstone bedrock (see Geological maps, Fig. 7) . The left side of the plot contains the localities (24, 25, 26, 27, 28, 29, 30, 42, 43, 44, 52, 53) , which are laying in the area of bedrock from the Mesozoic era belonging to limestones, dolomites, and hornbledes (Fig. 8) . Upper part of the plot contains localities (78, 79, 80) from the area consisting of neogenic vulcanites with the prevalence of andesites. Discovered gradient is best described by geological area, where hedgerows are found. The influence of altitude cannot be readily ruled out either. The right side of the plot contains localities laying in higher altitude (over 700 or 800 m). The left side of the plot contains localities lying in lower altitude (300-500 m).
Results
We studied 32 localities with the occurrence of agricultural terraces in NW Slovakia. The position of these localities is apparent from the map (Fig. 5) . Markings on the map help to distinguish the year the botanical research was conducted in. Localities in the text are listed under the same number. We compared variability of plant composition of phytocenological relevés in the north-east part of Slovakia using DCA analysis (Fig. 6) . The set of 70 relevés of comparable size was chosen for the analysis. The altitude of relevés was used as a supplementary variable. The differences between relevés were best explained by geological bedrock of studied area. The altitude of that area had also some effect. The overall amount of vascular plant species found in the phytosociological relevés on the terraces is about 360. This is relatively high number for relevés of a cultural landscape. Such a large number of species found informs us not only of the species diversity of the agricultural terraces but also reflects the fact that the research included 32 localities from a vast territory. The sources of species diversity are surrounding vegetation, the influence of natural conditions in the area with hedgerows and management of these localities. Only 66 species appeared more frequently than in 10% of the relevés (Fig. 9 ).
-1 6 -1 Of all 360 species, only 9 are among endangered species. This is perhaps because biotopes on the terraces are common and widely spread biotopes. Certain endangered species were found Agrostemma githago (CR), Allium carinatum (VU ), Centaurea cyanus (NT),
Dactylorhiza fuchsii (VU), Epipactis palustris (VU), Gentiana cruciata (NT ), Gladiolus imbricatus (VU), Gymnadenia conopsea (VU), Senecio doria (CR).
The phytosociological relevés also provide quantitative characteristics of the vegetation. Box plots were created from the values found on terraces. These plots show the coverage esti- Commentary: The graph makes it apparent that the tree layer, if present at all, usually reaches the coverage of 5% (third quartile). Exceptionally, the maximum coverage was as high as 60%. The median value for the shrub layer is 5%, the usual figure for coverage is 30% (third quartile) and the maximum is 90%. The median value in the herb layer is 95%, first quartile is 84% and the minimum is 10%. Third quartile is 100%. mate for the tree layer E3, shrub layer E2, and herb layer E1; the median of the tree layer has zero value, 5% for the shrub layer and 95% for the herb layer (Fig. 10 ).
An important characteristic, especially from the landscape and practical viewpoint, was also the ratio of the width of the terrace slope and the width of the flat part of the terrace. Based on the measurements and calculation, Fig. 11 was created. The width of the terrace slope is actual area of the agricultural terrace which was recorded using phytosociological relevés. The width of the flat part of the terrace was or is used as agricultural land for cultivation (a field, a meadow or lying fallow). Fig. 11 . The box plot depicts the width of the agricultural terrace (the slope) compared to the width of the flat part of the terrace next to the slope (Fig. 1) . Commentary: The graph shows that the differences between the values of the width of the terrace slopes are negligible and they are generally close to their average value of 2.3 m. The first quartile is 1.6 m and the third quartile is 3.05 m. Minimum width was 0,85 m, maximum 6.1 m. The width of the flat part of the terrace, i.e. the cultivated area itself, has its mean value of 11 m and the first and third quartile fall within the range 6.6-17 m. Maximum width values of the cultivated areas are often caused by the removal of one of the terrace slopes from the system and the subsequent leveling and merging of the areas.
Comparison of the Width of the Sloped and Flat Part of the Terrace

Discussion
An analysis of the biology of the species found on agricultural terraces and slopes in the Czech Republic was performed. Prevalent types of diaspora propagations within colonisation of agricultural hedgerows and terraces were investigated. A relatively abundant presence of woody plants on hedgerows and terraces made it possible (by the analysis of growth rings) to estimate their temporal onset (Machová, Klazar, 2005) . Dominant woody plants were also used for the vegetation classification; Riezner (2007) distinguishes hedgerows with lime-tree growth and sycamore growth. He also identified the complete species composition for the hedgerows of the Zlaté Hory region in Jeseníky. Similarly detailed study has also been made for hedgerows in Czech Central Mountains (Machová, 2011) and in Ore Mountains (Machová, Kubát, 2012) . A considerable portion of hedgerows in the Czech Republic was, in the long term, excluded from agricutular cultivation and the currently dominant element of hedgerows and agricultural terraces is formed by woody plants. Forests can be viewed as a potential source of forest species for the hedgerows . The character of the vegetation of the hedgerows shows similarities to the shrub strip around forests. These differ in terms of their species composition. For example, more prevalent species of woody plants in the foot of the Oblík Hill in the part of the Czech Central Mountains in the vicinity of the town Louny are Fraxinus excelsior, Crataegus sp., Rosa canina, Ribes uva-crispa, Rhamnus cathartica, Prunus spinosa, Ligustrum vulgare, Cornus sanguinea (Machová et al., 2009 ). In the Verneřice part of Czech Central Mountains, higher frequency of occurrence is reached by Fraxinus excelsior, Sambucus nigra, Corylus avellana, Crataegus sp. (Machová, 2011) . Lower forest coverage on exposed hedgerows in the top parts of Ore Mountains is apparent from the fact that a higher frequency of occurrence (more than 50% of the area) is reached only by Sorbus aucuparia (Machová, Kubát, 2012) . Dominant woody plant species from Javorníky in northern Moravia according to Fischerová (2011) are Acer pseudoplatanus, Sorbus aucuparia, Fagus sylvatica, Abies alba, Fraxinus excelsior, Prunus avium, Rosa canina, Sambucus nigra a Ribes uva-crispa. The differences in more abundant woody species between the regions indicate that the woody plants of hedgerows and terraces (and, similarly, herbs) reflect the natural conditions of the area rather than a specific property of the hedgerows.
Low occurrence of woody plants on terraces in NW Slovakia (0-5%) had a negative effect on the occurrence of forest herb species even in spite of the fact that a considerable number of the hedgerows is located near a forest. A high degree of inclination of the soil terraces leads to landslides, and as a consequence to the damage of the stands, the initial phase of succession begins. The low occurrence of woody plants on terraces can be the effect or one of the causes of the repeated erosion.
In NW Slovakia, terraces that are narrow prevail and the species composition does not much differ from the surrounding, mainly grass stands. There is also a difference between hedgerows and surrounding land in the quantitative composition of the species. More herbs on terraces belong to the meadow and pasture species and nitrophilous species.
Critically endangered species were not found, only threatened species appeared. The differences between hedgerows in the Czech Republic and in Slovakia exist also in terms of landscape ecology. The terraces in NW Slovakia are narrower, their usual width is about 2.3 m, ranging from 0.85-6.1 m. In Ore Mountains, the width of the hedgerows varies between 3 and 8 (-12) m (Machová, Kubát, 2012) . In Slovakia, terraces run prevailingly parallel to map contour lines whereas in the Czech Republic stony hedgerows prevail. Soil terraces parallel to the contour are less frequent (Machová, Elznicová, 2011) . The influence of the presence of hedgerows and terraces on the character of the landscape is significant. This is shown by Dobrovodská (2004) comparing two neighbouring villages (Osturná and Malá Franková) with different divisions of land. As a result of historical development the surrounding land plots of Osturná are longer in shape, unlike around Malá Franková where they are square. This is apparent in the landscape through the presence of solitary woody plants on the soil terraces or stony hedgerows.
In the Czech Republic, historical changes in hedgerows were also studied especially in the 20 th century which saw significant political and economical changes with the subsequent dismantling of balks or, on the contrary, with the expansion of the area of growth on hedgerows and terraces (Machová, 2007; Elznicová, Machová, 2009 .
Conclusion
Agricultural terraces in NW Slovakia are unevenly distributed. In some areas they were kept; in others, they disappeared and their removal is still in progress. All the terraces found are located in cultural landscape outside of forest. Only sporadically is the area with the terraces a part of a protected landscape area (Fig. 2) . The areas are more often found in close neighbourhood or near a protected landscape area (Fig. 3) , as these are usually defined by forests outside agricultural landscape.
The flora and vegetation of agricultural terraces was studied in 32 localities. Phytosociological relevés revealed 360 species of vascular plants. These species mostly belong to ruderal and meadow species, field weeds and woody plants; endangered species were few and far between. Agricultural terraces represent places of refuge for species that can spontaneously succeed in fallow fields. The structure of the vegetation on agricultural terraces is characterised by the high coverage of the herb layer and low or non-existent coverage of the shrub and tree layer. Forest herb species do not appear. Agricultural terraces are not biotopes with conditions different from those of the surrounding land. That is why it is understandable that the flora of the terraces and of the surrounding land is similar. This similarity is greater in Slovakia than on terraces or hedgerows in the Czech Republic.
Differences between the localities are best explained through the geological bedrock. The gradient of more frequent species of vascular plants can be explained by the availability of nutrients, pH, altitude, and management. A decisive influence of natural conditions in the territory of the terraces was therefore confirmed.
Agricultural terraces run along the contour line, their inclination is great and they are narrow. The flat part of the terrace that was or is used for farming is narrow, too. The character of the terraces in Slovakia is unique, it is different from that of the terraces and hedgerows in the Czech Republic.
